Role of Pathology in Determining the COD
The COD of humans and animals is often determined from clinical findings and medical laboratory results. 33, 35, 45 Autopsies of humans and domestic animals are a less common method for establishing the COD, in part, due to cost and the labor involved. 32, 36 Because of these limited procedures and unless a detailed clinical, surgical biopsy, and clinical pathology workup was done, the exact COD cannot often be ascertained unless an autopsy and postmortem ancillary tests are performed. Pathology plays a major role in determining final CCOD or COD. There have been few thorough necropsy surveys of noninfectious CODs in any animal species. They have been best studied in rats and mice. 11, 45 Examples of major CODs for common veterinary species and humans are ranked in Table 1 . These are derived from an incomplete literature, as there are few well-designed studies reviewing CODs in veterinary species and the data used to determine CODs in humans often lack input from pathologists. However, the literature gives some insight and allows for educated speculation on the major noninfectious and age-associated lesions that may contribute to or cause death.
Heart disease in humans is due mostly to diet and genetics, but these causes are probably less common in animals. Malignant neoplasms are of many types in humans, with breast, colon, prostate, skin, and lung cancer being most common in Americans. Of comparative interest, neoplasms are also common in many animal species, particularly in dogs, cats, and rodents. 1, 3, 4, [8] [9] [10] [11] 43, 46, 53 Common cancer types differ between human and animal species probably due to genetics and etiologic factors, such as cigarette smoke, diet, and infectious agents. Chronic respiratory diseases in humans occur from cigarette smoking and other environmental exposures and do not usually occur in animals. Cerebrovascular conditions are mostly due to stroke, which are rare in animals. Neurodegenerative disorders are common in aged humans and can be found in some animal species. Injuries occur in humans and animals, especially from motor vehicle accidents.
Similar categories can be used for animals, with a few obvious exceptions (Table 1) . 9, 10, 41 The main problem with determining COD for any animal species is the common occurrence of euthanasia for various reasons not related to COD (ie, death before its time), as well as enzootic infectious diseases, which can cause havoc in a population of animals. Table 1 summarizes only some age-related findings as reported for each species. The pathology of aging has been best studied in rats and mice with defined aging populations. 8, 11, 19, 36 A few publications on dogs 5, 6 and nonhuman primates 17,18 do exist. As noted previously, CODs for each species vary by breed, environment, vaccinations, and so on. These conditions may be caused by accidents, 42 infectious agents, 48 exposure to toxins, diet, and genetics. Age-related changes in cells and tissues caused by unknown factors (including changes in gene expression and function with age) are discussed in papers in this special issue.
For a large study of dogs and the use of a veterinary medical database, investigators (geneticists and a clinical veterinarian) classified CODs into categories of 9 pathophysiologic processes: congenital, degenerative, infectious, immune mediated, metabolic, neoplastic, toxic, traumatic, and vascular. 33 They found that the major causes of death generally varied among the canine breeds studied. Tumor types varied greatly by dog breed. 33 Companion animals, including dogs and cats, are often maintained by owners for their natural life spans, although many are euthanized when prognosis is poor and expenses to maintain the animal are high. Many breeds of dogs commonly develop tumors and kidney and heart disease. 5, 6, 9, 10, 14, 26, 28, 50, 51 Cats often succumb to infectious disease, despite availability of vaccinations, as well as to accidents, heart disease, renal disease, and cancer. 25, 29, 30, 37, 39 Renal pathology in aging dogs and cats is described in this issue. 3, 5, 12, 16 Infectious diseases, including panleukopenia, lymphomas, and feline infectious peritonitis, may be common in certain cat populations.
Aged animals, particularly dogs, cats, and primates, show neurodegenerative lesions (eg, brain atrophy, amyloid plaques, and tauopathies) that are comparable to those of aged humans. 55 However, the pathogenesis and clinical consequences of these lesions are largely unknown. Cognitive dysfunction syndrome of aged dogs and cats is the most commonly investigated age-related neurologic condition and is considered to be a good model for Alzheimer disease. Average max life span, y  80  4  4  17  18  18  27  20  40  Heart disease  1  3  3  3  3  -5  2  1  Neoplasia  2  1  1  1  4  5  -1  6  Chronic respiratory  3 Animals affected with cognitive dysfunction syndrome develop Alzheimer disease-like signs, and they can succumb to dementia and severe neurologic deficits that eventually lead to death or euthanasia. Age-related lesions in the brain of different species and animal models of neurodegenerative conditions are described and reviewed in this issue. 55 Laboratory animals include a diverse group of rats and mice, nonhuman primates, rabbits, guinea pigs, ferrets, and other animal species. Mice are most often used in medical research, and papers in this special issue discuss their natural CODs and methods used to determine COD. 45 Neoplasms are the major CODs in most commonly used inbred, outbred, and other lines of mice and rats, but strain-related nonneoplastic CODs are also found (diabetes, kidney disease, immune-mediated diseases, among many others). 11, 19, 36 Retroviruses can play a major role in the development of leukemias, lymphomas, and mammary tumors in mice, but most lines do not possess infectious retroviruses today. Macaques develop neoplasia, cardiovascular disease, and diabetes, 17, 18, 24, 38, 44 while chimpanzees develop cardiac disease, which is not similar to the common heart diseases of humans. 13, 15, 38 Farm animals-including cattle, horses, pigs, sheep, and other species-are not usually maintained for their life spans but rather as food animals or working companions. Thus, publications on pathology of aging and COD of these species are limited, except perhaps for infectious disease and tumors. Aged cattle develop disorders of the gastrointestinal tract and musculoskeletal system, succumb to infectious diseases, and suffer accidents. 21, 40, 47, 54 Aged horses have gastrointestinal, pituitary, musculoskeletal, and cardiovascular disorders. 27, 41 Musculoskeletal disorders in large farm animals often lead to euthanasia because the likelihood of return to normal functioning is limited after diagnosis. 21, 47, 52, 54 Humans and pet animals are maintained on therapy for much longer periods than those of other animals. Publications on the pathology of aging and causes of death in aged sheep, goats, and pigs are rare.
The diversity of wildlife, some of which can be observed and studied in zoos and related facilities, makes it difficult to summarize their CODs. Infectious diseases play a major role in causing illness and death in these animals. 48 Some of these animals are also used in medical research, including ferrets, 2 nonhuman primates, 13, 15, 24, 38, 44 and fish. 20 This special issue reviews the pathology of aging animals and their relationship to causes of death.
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